The crystal structure of the quaternary compound CuVInSe 3 , belonging to the system (CuInSe 2 ) 1−x (VSe) x with x = 1/2, was analyzed using X-ray powder diffraction data. This material was synthesized by the melt and anneal method and crystallizes in the tetragonal space group P42c (N • 112), with unit cell parameters a = 5.7909(4)Å, c = 11.625(1)Å, V = 389.84(5)Å 3 . The Rietveld refinement of 25 instrumental and structural variables led to Rexp = 6.6%, Rp = 8.7 %, Rwp = 8.8 % and S = 1.3 for 4501 step intensities, and 153 independent reflections. This compound has a normal adamantane structure and is isostructural with CuFeInSe3. The DTA indicates that this compound melts at 1332 K.
Introduction
The addition of a II-VI binary to chalcopyrite I-III-VI 2 structures, produces alloys with composition (I-III-VI 2 ) 1−x (II-VI) x . All the possible phases fulfill the rules for the formation of adamantane compounds, giving materials with semiconductor behaviour, which belong to the compound families derivatives of the II-VI binary [1] . Recently, it has been observed that when x = 1/2, the formation of alloys with composition I-II-III-VI 3 is obtained [2] [3] [4] [5] [6] [7] . In a lately work carried out on the CuFeInSe 3 material it was found that this compound crystallizes in a primitive tetragonal structure with space group P42c [8] known as P-chalcopyrite [9] . This result is in contrast with the space group I42d of the related I-III-VI 2 chalcopyrite structure, indicating a degradation of symmetry but maintaining the volume almost unchanged.
These types of materials have received considerable attention mainly because they can be useful for their potential applications in the fabrication of low cost solar cells and their large magneto-optical effects, which are observed when II are paramagnetic atoms [10, 11] . We are currently investigating the synthesis and structural characterization of chalcogenide diamond-like families [12] [13] [14] [15] [16] , and as part of ongoing studies, in this work we report the synthesis and a crystallographic characterization of the new chalcogenide quaternary compound CuVInSe 3 , which belong to the system (Cu-In-Se 2 ) 1−x (VSe) x where x = 1/2. The structural study was carried out by Rietveld refinement using X-ray powder diffraction data.
Experimental

Preparation of the sample
Polycrystalline sample was synthesized using the melt and annealing technique. Stoichiometric quantities of the elements with purity of 99.99% were charged in a synthetic silica glass ampoule, which was previously subjected to pyrolysis in order to avoid reaction of the starting materials with silica glass. Then, the ampoule was sealed under vacuum (∼ 10 −4 Torr) and the fusion process was carried out inside a furnace (vertical position), heated up to 1500 K at a rate of 20
• /h, with a stop of 48 h at 490 K (melting point of Se). The ampoule was shaken using a mechanical system during all the heating process in order to guarantee the complete mixing of all the elements and the formation of binary species at low temperature. Then, the temperature was gradually decreased until 600 K and this temperature was kept for 60 days. Finally, the sample was cooled to room temperature by switching off the furnace.
Scanning electron microscopy
The stoichiometric relation of the samples was investigated by Scanning Electron Microscopy (SEM) technique, using a FE-8 SEM, Jeol 6301-F equipment. The micro-chemical composition was found using an energy dispersive X-ray spectrometer (EDS) coupled with a computer-based multichannel analyzer (MCA), (Delta III analysis and Quantex software, Kevex). For the EDS analysis Kα lines were used. Accelerating voltage was 15 kV. The samples were tilted by 35
• . A standardless EDS analysis was made with a relative error of ±5% and detection limits of the order of 0.3 wt%, where the k-ratios were based on theoretical standards.
Differential thermal analysis
The differential thermal analysis (DTA) was carried out in a fully automatic Perkin-Elmer apparatus with Pt/Pt-Rh thermocouples. Au or Ag was used as internal standards, according to the expected melting point of the sample. The heating and cooling rates were controlled to 20 K/h. Transition temperatures were manually obtained from the ∆T vs. T graph with the criteria that the transition occurs at the intersection of the base line with the slope of the thermal transition peak, as usually [3] .
X-ray powder diffraction
A small amount of the sample was ground in an agate mortar and pestle and mounted on a flat zero-background holder covered with a thin layer of petroleum jelly. A Siemens D5005 powder diffractometer was used for data collection with the conditions given in Table I . The X-ray Power Difraction (XRPD) data was collected at 293(1) K, in θ/2θ reflection mode using a Siemens D5005 diffractometer equipped with an X-ray tube. The specimen was scanned from 10 • − 100
• 2θ, with a step size of 0.02
• and counting time of 40 s. Quartz was used as an external standard.
Results and Discussion
Scanning Electron Microscopy
The obtained ingot (15 mms long and 8 mms diameter) was homogeneous at sight, with no voids in the surface and light gray color. As it is routine in our laboratory, stoichiometry and homogeneity of the ingots are tested using scanning electron microscopy (SEM); for that, a slice 1 mm thick was cut from the center of the ingot. In Fig. 1 , the results of SEM measurements are shown. It When measured, a little excess of selenium was found in the points located in the inner part of the slice whereas for the nearest points to the external surface of the ingot the selenium is in defect. This behavior may be due to the long period of annealing (30 days) for which little amounts of selenium in the surface of the ingot may go out. For Se, the measured values are ∼ 3% higher that the estimated experimental error (±5%); for cations Cu, In and V, the measured values are in agreement with nominal in the range of the experimental error.
Differential thermal analysis (DTA)
DTA runs were carried out on the sample as indicated above. The transition temperatures as well as the type of melting were obtained from the peaks on the DTA heating and cooling curves. Each transition temperature was determined from the base intercept of the tangent to the leading edge of the peak in the differential signal (see Fig. 2 ). It can be observed that CuVInSe 3 show several thermal transitions before melting at ∼ 1332 K. The shape of the peaks suggests that transitions (in the heating cycle) at 780, 910 and 1075 K are of the type solid → solid, whereas at 1170 K is a solid → solid + liquid transition.
X-ray powder diffraction analysis
The X-ray powder pattern of CuVInSe 3 is shows in Fig. 3 . In this plot it is possible to observe small amounts of a second phase, which was identified as V 3 Se 4 , PDF N
• 84-2431 [17] . The peak positions of the main phase (CuVInSe 3 ) were indexed using Dicvol04 [18] , which gave an unique solution in a tetragonal cell with a = 5.788(2)Å and c = 11.630(2)Å. By analyzing the crystallographic characteristics of CuVInSe 3 with those of other I-II-III-VI 3 related compounds, it is found that this material is isomorphic with CuFeInSe 3 which crystalize with a P-chalcopyrite structure [8] . So, in order to refine the structural parameters of CuVInSe 3 , the space group P42c (N • 112) and the atomic position parameters of CuFeInSe 3 were taken as the starting values.
The Rietveld [19] refinement was performed using the Fullprof program [20] . The indexed unit cell results were taken as starting parameters. Atomic positions of V 3 Se 4 [21] were included as secondary phase in the refinement. The angular dependence of the peak full width at half maximum (FWHM) was described by the Cagliotti's formula [22] . The parameterized Thompson-Cox-Hastings pseudo-Voigt profile function [23] was used for the simulation of the peak shapes. The background of the XRD data was refined with a polynomial with six coefficients. The thermal motion of the atoms was described by one overall isotropic temperature factor. The final figures of merit for 25 instrumental and structural variables were: R exp = 6.6%, R p = 8.7%, R wp = 8.8%, S = 1.3, for 4501 step intensities and 153 independent reflections. See Table II . Figure 3 shows the observed, calculated and difference profile for the final cycle of Rietveld refinement. The lower trace is the difference curve between observed and calculated patterns. The Bragg reflections are indicated by vertical bars. Unit cell parameters, atomic coordinates and isotropic temperature factor are shown in Table III.  Table IV shows the distance lengths and bond angles for CuVInSe 3 . Additional information that can be extracted from this study based on the Rietveld method is a semi-quantitative analysis of the two phases present in the X-ray diffraction pattern [24] . The final refinement converged to t he following weight fraction percentages: CuVInSe 3 (95.3%) and V 3 Se 4 (4.7%). An important structural characteristic is the parameter of tetragonal lattice distortion, which is determined as a deviation of the ratio η = c/2a (a and c are unit-cell parameters) from unity [25] . The value of η show in Table II, close to unity, is indicative of small lattice distortions in the sample synthesized.
CuVInSe 3 crystallize with a P -chalcopyrite structure in a normal adamantane-structure compound [1] . In this quaternary compound, the introduction of vanadium (V) into the CuInSe 2 chalcopyrite composition produces an effect of dilution leaving the cell volume almost unchanged, with a degradation of symmetry from the chalcopyrite structure I42d to the P-chalcopyrite structure P42c. The Se anions form a close-packed arrangement, where each anion is coordinated by four cations located at the corners of a slightly distorted tetrahedron. All cations are similarly coordinated by four anions. Figure 4 shows a polyhedral view of the crystal structure with the four types of atoms-centered tetrahedra CuSe 4 , VSe 4 , InSe 4 and MSe 4 where all polyhedra are oriented in the same direction and are connected by the corners.
The interatomic distances are shorter than the sum of the respective ionic radii for structures tetrahedrally bonded [26] . 
Conclusions
A new quaternary chalcogenide has been synthetized and structurally characterized. The DTA indicates that this com-pound melts at 1332 K. The crystals of CuVInSe 3 belong to the tetragonal system with space group P42c. This material, a new compound of the I-II-III-VI 3 family of semiconductors, have an adamantane structure and consists of a threedimensional arrangement of slightly distorted CuSe 4 , VSe 4 and InSe 4 tetrahedra connected by common corners.
